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SUMMARY 

Analysis of the  r e su l t s  obtained from a transonic wind-tunnel 
investigation of two bodies of revolution having the  same nose shape, 
one incorporating a cyl indrical  afterbody and the  other incorporating a 
curved afterbody, indicated tha t  the pressures over t he  forward portions 
of the  bodies were the  same, whereas, the  induced veloci t ies  over t he  
rearward portions of the  curved body were greater  than those over t he  
cyl indrical  body. However, the  cross-section normal loads w e r e  greater 
over the rearward portions of t he  cyl indrical  body. Variation of the  
aerodynamic character is t ics  with Mach number w a s  ra ther  s m a l l  f o r  both 
bodies. The cyl indrical  body exhibits be t t e r  s t a b i l i t y  character is t ics  
than the curved body. The theory of NACA Rep. 1048 regarding the aero- 
dynamic character is t ics  of t he  bodies i s  i n  f a i r  agreement with the  
resu l t s  of t h i s  paper. 

INTRODUCTION 

A detailed study of the  pressures and resul t ing forces f o r  a body 
of revolution, designated "curved body" i n  t h i s  report, at transonic 
speeds has been presented i n  reference 1. 

The present t e s t s  were undertaken i n  order t o  provide aerodynamic 
load data f o r  a body of revolution having an ogive nose and cyl indrical  
afterbody and t o  compare the  aerodynamic character is t ics  of t h i s  body 
with the  body of reference 1 at transonic speeds. The body used i n  the  
present t e s t  is designated "cylindrical  body" herein. A comparison of 
various theore t ica l  aerodynamic parameters with experimental values i s  
included. 

The t e s t s  reported herein were made f o r  a Mach nmber range from 0.6 
The Reynolds number t o  1.13 and an angle-of-attack range from Oo t o  20°. 



range corresponding t o  the  Mach number range varied from 3.3 x 10 6 t o  
3.9 x 10 6 per foot of length. 

SYMBOLS 

AP 

% 

cNF 

cnn 

D 

L 

M 

Nn 

N t  

P 

Q 

q 

R 

s, 

plan-form area of body 

pitching-moment coefficient around the  nose, based on 
maximum body cross-sectional area and body length 

normal-force coefficient,  based on maximum body cross- 
sectional area 

sect ion drag coefficient of an in f in i t e  cyl j  nder 

transverse section normal-force coefficient,  N t  

SD a(x) 

Nn meridian load coefficient,  
q G x  d e )  

diameter of body at any s ta t ion  

length of body 

Mach number 

elemental force on meridian body section of width R d(0) 
(force vector is  normal t o  body ax i s  and makes an 
angle 9 with ve r t i ca l  plane of symmetry) 

elemental force on transverse body section of length d(x) 
(force vector i s  normal t o  horizontal plane of symmetry) 

pressure coefficient 

volume of body 

dynamic pressure 

radius of body at  any ' s ta t ion 

base area of body 
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X 

xm 
"p 

CP X 

Y 

U 

17 

0 

Sub scr ipt  s : 

maX 

L 

U 

distance from nose of model, posit ive rearward 

moment center 

centroid of body plan-form area 

center-of -pressure location 

distance from ve r t i ca l  plane of' symmetry 

angle of a t tack 

r a t i o  of the drag coefficient of a f i n i t e  cylinder t o  the  
section drag coefficient of an in f in i t e  cylinder at  
u = 900 

meridian s ta t ion,  Oo at top 

maximum value 

lower surface 

upper surface 

APPARATUS AND W H O D S  

Tunnel 

A l l  the data discussed herein w e r e  obtained from tests conducted i n  
the  Langley 8-foot transonic tunnel. 
dodecagonal s lo t ted  tes t  section and is  capable of continuously variable 
opepation through the  speed range up t o  a Mach number of 1.14. 
section used previously i n  t h i s  tunnel did not incorporate s lo t s ,  but 
had a closed throat .  
the data fo r  the  curved body were obtained from tests i n  the  s lo t ted  t e s t  
section. 
from t e s t s  i n  the  closed-throat tes t  section. 

A t  present, t h i s  tunnel has a 

A test  

A l l  t he  data fo r  the  cyl indrical  body and most of 

A small portion of t he  data f o r  t he  curved body was obtained 

Tunnel-wall-interference corrections w e r e  not applied t o  the  data 
obtained from t e s t s  i n  the  s lo t ted  t e s t  section because choking and 
blockage e f fec ts  are negligible, especially f o r  the  small r a t i o  of  model 
t o  tunnel s i ze  of t he  present tests. Effects of wall-reflected disturb- 
ances have been reduced by offset t ing the model f romthe tunnel center 
l i ne .  
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Bodies 

NACA RM L53L28a 

A drawing of t he  two bodies i s  presented i n  figure 1. The cylin- 
d r i ca l  body has the  same dimensions as body D of reference 2. The 
curved body is the  same body as tha t  used i n  references 1 and 3 and i s  
similar t o ,  but s l i gh t ly  longer than, body A of reference 2. Both the  
curved and cyl indrical  bodies have the same dimensions forward of the  
20-inch body s ta t ion.  

Each of t he  models w a s  instrumented with s i x  rows of or i f ices  
spaced along meridians of the  body. 
f i ce s .  
i n  the  tunnel i s  indicated i n  figure 1. 

Each row contained 20 or more or i -  
The re la t ive  s ize  of t he  s t ings employed t o  support the  model 

Mea sureme nt s 

Pressure.- The pressures existing on the  surface of t he  cylindrical  
body were measured by connecting the or i f ices  t o  a multitubed manometer. 
In  order t o  determine the  forces on the  model, these pressures were inte- 
grated as discussed i n  the  section of t h i s  report en t i t l ed  "Presentation 
of Results ." The pressure data and associated aerodynamic parameters f o r  
the  curved body were obtained from references 1 and 3. 

The repeatabi l i ty  of the  pressure data presented herein as affected 
by the  pressure measurements, angle of attack, o r i f i ce  s ize  and location, 
and other factors  may be judged from figure 2. The largest  errors  occur 
near the  nose where they are  as large as 
much be t t e r  over t he  remainder of t he  body. 
mined from the  data presented i n  figure 2, i s  

AI? = *0.015. The accuracy i s  
The average error,  as deter- 

AI? = *O.OO5. 

Angle of attack.- The angle of a t tack f o r  the  cylindrical  body w a s  
measured by an e l ec t r i ca l  strain-gage pendulum device mounted Internally 
near t he  base of t he  support st ing.  Sting and model deflections 
occurring ahead of t h i s  point, due t o  forces and moments acting on the  
model, were determined from s t a t i c  tests. These corrections were applied 
t o  the  angles of attack, although the maximum deflections occurring 
during the investigation were approximately 0.1'. 
were a l so  corrected fo r  the approximately 0.lo upflow exis t ing i n  the  
Langley 8-foot transonic -tunnel. 
a t tack measurements is  estimated t o  be within 0.lo. 

The angles of a t tack 

The absolute accuracy of the  angle-of- 



PRESENTAT I O N  OF RESULTS 

Pressure Coefficients 

All the  pressures measured f o r  the  cyl indrical  body are presented 
i n  t ab le  1. The longitudinal dis t r ibut ion of pressure coefficients f o r  
the cyl indrical  body at Od angle of a t tack is  presented i n  f igure 3 .  
Also shown i n  t h i s  f igure i s  the  pressure d is t r ibu t ion  f o r  t he  curved 
body from references 1 and 3 .  The longitudinal d i s t r ibu t ion  of pressure 
coefficient a t  the  other angles of a t tack a re  presented i n  figure 4 a t  
three Mach numbers (approximately 0.8, 1.00, and 1.13). 

Normal Force and Pitching Moment 

A Comparison of the  normal-force and pitching-moment coefficients 
All 

In order 
f o r  the  two bodies i s  presented i n  figclres 5 and 6, respectively. 
the  data f o r  the  curved body w e r e  obtained from reference 1. 
t o  compare the  pitching-moment character is t ics  of the  two bodies, the  
moment coefficients were taken about the  nose of the  bodies. 

The in tegra l  equation used t o  compute the  normal-force coefficients 
f o r  the  cyl indrical  body was 

and tha t  used t o  compute the  

L 

pitching-moment coefficient was 

The coefficients presented at a = 20° could have been lowered as 
much as 23 percent of the  value shown by changing the  fa i r ings  of the  
graphical integrations. 
body agree with the  strain-gage data mesented i n  reference 2. 
choice does not ex is t  at  a s  80 but t h i s  margin increases with angle of 
a t tack  as t he  angle is  increased f ron  8'. 

However, t he  data presented f o r  t he  cyl indrical  
The f a i r ing  

The theore t ica l  values of noYinal-force and pitching-moment coefficient 
shown i n  figures 5 and 6 were computed by the  method described i n  refer-  
ence 4. The equations f o r  these coefficients may be writ ten as follows: 
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The values of 
body were 0.7 

q and Cd used i n  the calculations f o r  t he  cyl indrical  
C 

and 1.2 and were chosen from reference 5 and references 6 
and 7, respectively. The plan-form area Ap, t h e  body volume Q, and 
the  location of the  centroid of the  body plan-form area 
mined from graphical integrations of sui table  geometric parameters. 

xp were deter- 

Center of Pressure 

A comparison of t he  center-of -pressure locations f o r  the two bodies 
is presented i n  figure 7. 
puted from the  normal-force and pitching-moment coeff ic ients  of f igures 3 
and 6. 
from reference 1. 

The data for t he  cyl indrical  body were com- 

The center-of-pressure data f o r  the  curved body were obtained 
> 

Detailed Aerodynamic Loads 

The meridian normal-load dis t r ibut ion i s  presented f o r  three Mach 
numbers (0.80, 1.00, and 1.13) through the  angle-of-attack range i n  f ig -  
ure 8. T h i s  coefficient e, i s  defined i n  such a manner tha t  t h e  load 
perpendicular t o  the  fuselage center l i n e  on a s t r inger  section 
wide i s  c n n q G X  d( e ) .  Accordingly, c, is  computed from the graphi- 
cal integration along a body meridian as follows: 

Rd(8) 

The longitudinal dis t r ibut ion of body cross-section normal loads at 
M = 1.00 
a graphical integration 

i s  presented i n  f igure 9. The pressure data were computed by 
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The theore t ica l  values of c - were computed by t h e  method of 
Dmax 

reference 4. 
follows : 

The equation f o r  a body of revolution may be writ ten as 

cn = s(g) a + VCd a 2 
C 

DISCUSSION OF RESIJEI'S 

Pressure Distribution 

The pressures over t h e  nose of both bodies, forward of the  20-inch 
s ta t ion,  are  very s i m i l a r  t o  each other through the range investigated 
( f igs .  3 and 4 ) .  Some of the  differences observed near t he  t i p  of t he  
nose are  due t o  s l i gh t  differences i n  the  body shape at  the  apex. 
general, the pressures over t he  rearward portions of t he  curved body are 
lower than those over the  rearward portions of t h e  cyl indrical  body. 
The typ ica l ly  character is t ic  rearward movement of the shock location 
with Mach number increases may be observed i n  figure 3. A t  M = 0.99 
the  shock is  located at approximately the  20-inch body s t a t ion  of the  
cyl indrical  body, whereas a t  M = 1.03 t he  shock has moved t o  the 
37-inch body s ta t ion.  

I n  

The compressions shown f o r  t he  cyl indrical  body i n  f igure 3 at 
M = 1.08 and 1.10 
t ive ly ,  are probably due t o  the bow wave ref lected from the  tunnel w a l l  
and would not be evidenced i n  free f l i gh t .  
rear  of t he  cyl indrical  body are  caused by the  air turning around the  
corner. 

a t  approximately the  30- and 34-inch stations, .respec- 

The expansions seen at  t h e  

Normal-Force Characterist ics 

A s  shown i n  figure 3, the  cyl indrical  body develops greater normal 
force at  a given angle of a t tack and Mach number than the  curved body. 
The change i n  normal-force coefficient w i t h  Mach number is  insignificant 
a t  the  lower angles of attack, but there  i s  a small increase i n  normal- 
force coefficient w i t h  Mach number at the  higher angles of attack. 

The prediction of t he  normal-force coefficients by t h e  method of 
reference 4 i s  rather  accurate at the  lower angles of attack. 
the  measured values fall w e l l  bexow the  theore t ica l  values a t  t'ne higher 
angles of attack. A s  mentioned previously, a l ternat ive fa i r ings  permis- 
s ib l e  f o r  t h e  integrations would result i n  even lower values f o r  the 
measured data. 

I n  general, 

The cross-flow Mach number i s  less than 0.4 at the  highest 
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stream Mach number and at  an angle of a t tack  of 20°. 
values of cdc a re  constant. Therefore, t h e  theory does not predict 
t he  var ia t ion of normal force with Mach number shown by the  measurements. 

Accordingly, t he  

Pitching-Moment and Center-of -Pressure Characterist ics 

Examination of t he  pitching-moment data ( f ig .  6) indicates t ha t  t he  
curved body exhibi ts  e i the r  neutral  or s l igh t ly  unstable character is t ics  
for t h e  center of gravity at  the  nose or unstable character is t ics  f o r  
more rearward locations of the center of gravity. 
exhibited more s table  character is t ics  inasmuch as the  center of pressure 
i s  located behind the  12-inch s t a t ion  f o r  a l l  conditions. It i s  also 
noted tha t  t h e  var ia t ion of t he  center-of-pressure location w i t h  Mach num- 
ber is  irregular and s m a l l  ( f ig .  7). 

The cyl indrical  body 

The agreement of the measured pitching-moment coefficient with the  
theory i s  s i m i l a r  t o  t h a t  found f o r  t he  normal-force coefficients.  
general, when the  normal-force coefficients are overpredicted, the 
negative pitching-moment coefficients are a l so  overpredicted. Exami- 
nation of t he  equations for C% and $, given i n  the section en t i t l ed  

Presentation of Results, " indicates t ha t  the probable cause f o r  t he  d is -  
agreement noted between the  measured and predicted coefficients is  asso- 
c ia ted with the  values selected f o r  7 and cdc. Had lower values of 

I n  

11 

and 7 been used the agreement would have been be t te r .  

Detailed Load Characterist ics 

The maximum meridian load i s  developed at approximatelythe 
l O 5 O  meridian ( f ig .  8). 
appreciably with Mach number. 

It is  observed that t h e  loads do not vary 

Examination of figure 9 indicates tha t  although the  cross-section 
normal loads over t he  forward portions of both bodies a re  similar, the  
loads over t he  r ea r  portion of t h e  cyl indrical  body are  greater than 
those f o r  t he  curved body. 
character is t ics  of the  cyl indrical  body are more s table  than those f o r  
t he  curved body. 
pitching-moment character is t ics  f o r  the  two bodies are  not caused by t h e  
added length of t h e  cyl indrical  body. 

T h i s  is the  reason that t h e  pitching-moment 

The differences observed between the normal-force and 

Comparisons of t he  measured and theore t ica l  values of cross-section 

The theore t ica l  
normal-load coefficient indicate tkiat the  theory is' i n  fair  agreement 
w i t h  t he  measured values a t  angles of a t tack  below 12'. 
values show the  same agreement at  the  forward and rearward portions of 
t he  cyl indrical  body. It is concluded t h a t  the errors  between theory 
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and measurement fo r  the  cyl indrical  body a t  the higher angles of a t tack  
a re  due t o  the inadequacy of available data f o r  select ing 7 and Cd . 
The disagreement between the  theory and the measurements at  the  rearward 
end of the  curved body may be due t o  s t i ng  interference. 
noted that, a t  angles of a t tack  above 12O, integration of the  curves of 
f igure 9 does not give as large a value f o r  
figure 5 .  The data presented for t he  cyl indrical  body i n  figure 9 have 
been fa i red  consistently w i t h  the  data of reference 1, whereas the  data 
of figure 5 agree w i t h  the strain-gage data of reference 2. 

C 

It should be 

CnF as those plot ted i n  

CONCLUSIONS 

Analysis of the  r e su l t s  obtained from a transonic wind-tunnel investi-  
gation of two bodies of revolution, one incorporating a cyl indrical  a f t e r -  
body, t he  other incorporating a curved afterbody, indicates: 

1. The pressures over the nose of both bodies a re  very similar 
although higher induced veloci t ies  ex is t  over t he  rearward portions of 
t he  curved body; however, t he  cross-section normal-force coefficient i s  
greater over t h e  rearward portions of the  cyl indrical  body. 

2, A t  a given Mach number and angle of attack, the  normal-force 
coefficient f o r  t he  cyl indrical  body i s  greater  than that f o r  the  curved 
body. 

3 .  The center-of-pressure location was more rearward for the cylin-- 
d r i c a l  body than f o r  the curved body. Consequently, the cyl indrical  body 
exhibited more desirable s t a b i l i t y  characterist  i c s  

4 e The var ia t ion of normal-f orce and p i t  ching-momenJG coefficients 
with Mach number is rather  smal l ,  especially at the  lower angles of 
attack, 

The maximum meridian load f o r  the cyl indrical  body occurs a t  
approximately the l05O meridian. 

6 a The theore t ica l  normal-f orce and pitching-moment character is t ics  
of both bodies a re  i n  fair agreement with the  r e su l t s  of t h i s  investigation. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronaut i c s  , 

Langley Field, Va., Dec'ember 9, 1953. 
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ThBLE I 

PRESSURF UATA, CYLINDRICAL BODY 

(a) M = 0.60 

c, in. 

- 

0.50 
1.50 
2.50 
3.50 
4.50 
9.50 
6.50 

~0.50 
.2.50 

LC.70 

8.50 

t4.50 

L7.17 
Ls. 17 

L?. 17 
z3.17 

'2.17 
'1.17 

23.17 
24.17 
5.17 

26.17 
27.17 
16.17 
23-17 
10.17 
51.17 
52.17 
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15.17 
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58.15 
58.40 
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38.90 
39.15 _- . 
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1.10 
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3.50 
u.50 
2.50 
6.50 

3.50 
ICD.50 
12.50 
i i.50 
1',.50 
1'1.17 
15.17 

19.17 

21.17 
22.17 
23.17 
24.17 
27.17 

26.17 
27.17 
28.17 
23.17 
30- 17 
31.11 
32.17 

?3.17 
54.17 
35.11 
36.17 
37.17 
38.15 
3E.4C 

38.65 
38.9C 
39.15 

20.17 

- 

a = 20° a = 16' 

_ _ _ _ _  
* 121 

.w2 . 080 

.o65 

.&4 

.&4 

. 0% 
_ _ _ _ _  _. 037 

-.037 -.,377 -.156 -.2W 

-.@7 --____ 
-.036 -.072 -.136 -.194 
-.032 ------ -.141 -.le9 
-.028 -.os5 -.132 -.la1 -. 024 - ---. - -. 117 -.i74 

-.024 _ _ _ _ _ _  _..___ _. 168 

_ _ _ _ _  _. qj5 _ _ _ _ _ _  -.160 
-.019 ------ -.lo? -.167 
-.018 -.qjl -.078 -.167 
-.@i _.____ _ _ _ _ _ _  
- . O B  -.046 ------ -.u8 
-.013 ------ -.068 -.I55 
-.a19 -.& -.a60 -.I49 

_. 019 _____. _ _ _ _ _ _  _ _ _ _ _ _  
- .Ole  -.036 -.a60 -.143 
-.ole ____.. 
-.a15 -.037 -.056 -.141 _. 024 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
-.030 -.a0 -.057 - A I  .. 076 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
_. 046 _ _ _ _ _ _  _ _ _ _ _ _  ______  _. 065 _ _ _ _ _ _  __..__ _ _ _ _ _ _  
-.131 -.083 -.086 -.la7 

___.__ ___.__ _ _ _ _ _ _  
_----- _.---- 

-.022 -.m7------ -.168 

_ _ _ _ _ _  _ _ _ _ _ _  

R = 40 

.132 .048 

: 052 

.056 

- .014 

.a 
-.006 ... 012 
-.ole -.w3 -.M9 
- . M a  -.017 -.O% 
-.026 -.W7 -.028 _. @9 
-.W -.010 -.025 

_ _ _ _ _  _____  _. 016 
-.016 .mi -.016 
-.O& ----- -.014 
-.006 .om -.w _. 004 -_--- _. 004 
-.W3 .010 -.003 
-.w1 ----- -.w3 

.010 ----- 
.001 ----- -.001 __--- .012 .ooo ___-- ____- -.of31 
.OM .014 .001 
.w ----- .001 
.& .011 .001 

_ _ _ _ _  .om 
,004 .a4 .OM 

.014 

-.O& 

_ _ _ _ _  _ _ _ _ _  

_ _ _ _ _  

_ _ _ _ _  
_____  
_ _ _ _ _  
____- 
-.0% 1- 

.m3 

.ME 

-. 064 -.087 
~ 



WLE I.- Continued 

PRESSURE DATA, CYLD4DRIClll BODY 

(b) M =  0.80 

- 

c, In 

- 

0.50 
1.50 
2.50 
3.50 
4.50 
5-50 
6.50 

8.50 
10.50 
L2.50 
L4.50 
16.50 
17-17 
18.17 

t9.17 
20.17 
21.17 
22.17 
23.17 
24.17 
25.17 

26.17 
27.17 
28.17 
2% 17 
53.17 
?1.17 
Y2.17 

33.17 
54.17 
55.17 
36.17 
57.17 
58.15 
38.40 

38.67 
58-90 
59.15 - 

0.50 
1.50 
2.50 
3-50 
4.50 
5.50 
6 . 5 ~  

8.50 
10.50 
12.5c 
14.5C 
16.Y 
17- 17 
18. i7 

19.11 
20.17 
21.17 
22.11 
27.17 
24.17 
25.17 

26.17 
27. li 
28.17 
29.17 
30.17 
31.17 
32.1i 

33.li 
9. X i  
35.1i 
36. li 
37.1- 
38. *& 

38.4( 
38.6: 
38.9( 
39.1: __ 

Preseure coerficients Of TW - 
3=0° e = 4 9  e=75O e - 1 ~ '  e-ij5O e=i80° e = o o  e=45O e.75O 0 = 1 0 f j 0  e=i3g0 e = &  =Oo 6=45°e=750 8=1Cgo 6=135' e=180' 

a = 20' a = 16' 
II 

0.024 
-.020 -. 9 5  -. W 
-.a56 
- . e 7  -. ri66 

0.053 

- .a9  -.ZO -.a30 -.19a -.033 
-.a2 -.113 -.a3 -.209 -.053 
-.038 -.099 -.2@ -.210 -.66 
-.a3 -.Og8 -.191 -.218 - . a 3  
-.@6 - . a s  -.I63 -.213 -.088 
~ 2; , _ _ _ _ _ _  J _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  

-.075 -.141 - .24 -.m2 

.151 -.048 

.l27 -.a2 

.112 -.033 

.a1 -.031 

.os1 -.M0 _ _ _ _ _  _ . E O  

.074 -.017 

-.lo0 -.148 -.113 
-.w3 - . E O  -.I22 
-.OB0 -.143 -.126 
-.076 -.143 -.177 
-.66 -.129 - . l% 

-.a55 -.li7 -.128 
___-_ _ _ _ _  _ _  _ _  .___ 

-.&61______ I ____._ I _ _ _ _ _ _  
-.a55 -.122: -.i4L -.2% 
-.W ------ 1 - .43  -.270 
-.036 -.097 -.142 -.263 
-.031 ------ -.129 -.a57 
-.OS -.OW ------ -.253 -. 027 __--_- _. 254 

_ _ _ _ _  -.WO ------ -.243 
-.M2 ------ -.no -.249 
- . ~ 4  -.OB9 -.e96 -.245 
- .M9 _ _ _ _ _ _  _____- -.251 

------ 
-.w2 ------ -.w -.167 -.&7 
- .eo -.a53 ------ -.161 - 4 3 9  
- . ~ 4  _ _ _ _ _ _  -.16j -.& 
_____  _. 052 _ _ _ _ _ _  _____  
-.016 ------ -.O& -.157 -.051 
- . M O  -.&I -.O& -.157 ----- 
-.019 _ _ _ _ _ _  ______  _ _ _ _ _  
-.Ole - .a5 ------ -.149 -.a53 
-.014 ------ -.e -.145 - .a9  
- . O B  -.&l -.&9 -.145 -.* 

_. 153 

.. 157 

-.016 -. 015 
-.016 -. 016 
-.M1 -. 025 
-.a29 

_ _ _ _ _  0.198 _ _ _ _ _  
0.125 .62 

.068 .M1 
_ _ _ _ _  
_ _ _ _ _  1' .031 -.012 

.W -.016 

.co2 -.m6 
-.004 -.m6 

0.142 ______  ______ ______  _____ 
.E27 0.036 0.053 0.068 0.099 
.015 _ _ _ _ _ _  2 _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
-.W -.W2 .003 .MO .& 
-.019 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
-.035 -.034 -.027 -.010 .W 

-.036 -.&l -.039 -.E7 -.& 

.056 ______  --____ _ _ _ _ _ _  _ _ _ _ _  

-.040 - . a 6  -.&5 -.@5 -.ole 
-.oj8 -.ai -.a2 -.036 -.me -.a1 - . a 6  -.&E - . a 6  -.031 
-.030 -.039 -.a2 -.&2 -.M9 _. 030 
-.m6 -.om -.035 -.038 - . e 8  

_ _  015 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
-.Or4 -.Ole -.M5 - .Ma  -.MO 
-.W ------ - . 03  -.Ml -.012 
-.W3 -.013 -.Ole -.015 -.010 
.wo ------ -.015 - .ou -.om 
.001 -.w6 -.014 -.010 -.O& 
.-I ____-_ --____ -.eo9 -.,a01 

-.ooj --____ -.008 _____ 
.Wl ------ -.014 -.012 .W2 

_ _ _ _ _ _  _ _ _ _ _ _  ______ ___-_ 

--__ .W8 II ----- 

_____  .@a 
.013 .o@ 
---". .OQ 
.016 .om ----- .ooo 

-.007 -. w8 



TABLE I . -  Continued 

PRESSURE DATA, CYLmRIC/II. BODY 

(e) M = 0.85 

x, in. 

Pressure coefficients of row - 

a = 200 - 
). 035 
.014 
.032 . 041 
.054 
.a58 
.067 

.050 

.045 
,039 
.044 
.039 
,041 
-.042 

. 026 

.038 
-.030 .. 026 
. .024 -. 019 
..022 

.____ 
-.017 
-.MO 
-.019 -. 017 -. 013 
-.ole 
-.017 -. 013 
-.015 
-.015 
-.a0 -. 024 -. M7 

-039 
-.059 
-.130 - 

__ 
0.153 
.066 
.034 
.021 
.ooo -. 015 

-033 

-.036 
-.&1 -. 036 
-.041 
-.032 -. 030 -. M5 

-.013 
-.011 
-.W8 

* wo 
.002 . w3 
.w3 

.a 

.w 

.a04 

.006 

.or6 

.w 

.006 

.cat .a 

.06 

.OM: 
-.OW 
-.ou 

_____ 

-.ole 
-.me 
-.mc 
- 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

8.50 

12.50 
14.50 
16.50 
17.17 
18.17 

19.11 
20.17 
21.17 
22.17 
23.17 
24.17 
25.11 

26.17 

10.50 

27.17 
28.17 
29.17 
30.17 
31.17 
32.17 

33.17 
34.11 
35.11 
36.17 
37-17 
38.15 
38.40 

38.65 
38.90 
39.15 

~ 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

8.50 
10.50 

14.50 
16.50 
17.17 
18.17 

19-17' 
20.17 
21.17 

23.17 
24.17 
25.17 

26.17 
27.17 
28.17 
29.17 
30.17 
31.17 
32.17 

33.17 
34.17 
35.17 

37.17 
38.15 
38.40 

38.65 
38.90 
39.15 

12.50 

22.17 

36.17 

- 

0.133 0.328 

.027 .057 

. 000 

-. 035 
-.053 
-.a68 
-.a6 
-.WO 

-.W4 

__.__ 

_ _ _ _ _  

.063 

.016 

-.013 
-.029 
-.040 
-055 
-.058 

-.061 

-. 048 
-.040 
-.OY 
-.035 
- . M a  
-.030 

_ _ _ _ _  

_ _ _ _ _  
..___ 

-.031 

-.062 
-.084 
-.WE 
- .I13 
-.119 

-.I24 
..._. 

___._ 
-. 110 -. 101 
-.lo0 
-.097 
-.OB7 
-.WO 

-.oaj -. 072 -. a69 
-.066 -. 059 
-.a60 

-.066 -.113 -.191 
-.179 

-.060 -.110 -.170 
------ -.122 

.----- -.o% .. 168 
_. 4 4  _ _ _ _ _ _  _. 164 _ _ _ _ _ _  ____.. _. 163 

-.m2 ------ -.154 
....__ -.O@ - .45  
-.Oh8 -.a63 -.155 

-.157 ..- _. . ._ _ _  _ _  
-. 082 -.e1 -.023 

.138 

-.OB -. 082 
-.W2 

..m _.____ _. 152 
.____ - 1  - . 0 6 /  -.147 
-.042 -.QO -.146 

-. rmr 
-.&a -. 055 

-095 

-.OS7 

-. 107 

-.251 

3.103 
.m4 
.ooo 

-.007 
-.025 
-A 037 
..a9 

-.e47 
- . a 6  
-.038 -. 038 
-.024 
-.M2 
-.ole 
-.OM -. 006 
.w3 
.008 
.013 
.or5 
.013 

_ _ _ _ _  
.017 
.016 
.015 

----- o 209 
----- II :ll21 

0.120 

._____ 
-.--__ . 010 

-. 005 
-.e0 
-.M7 -. 041 -.a1 
- .039 

-.ME 
-.016 
-.013 
-.ou -. 001 -. & 

_ _ _ _ _ _  
._____ 

.013 

-.w 
-.017 
-.M1 
-.031 
- .M9  

.oxo -.015 

.w1 -.W 
-.w3 -.m6 
-.m -.45 
-.015 -.030 _ _ _ _ _  _. 028 
-.015 -.025 -.Ma 

. M3 -.018 -. 009 
-.a% -. 002 
-.OM . 001 

.036 _____ 
.w3 
.004 
- K O  
.006 
.om .a 

.m 

.018 

.018 

.016 

.a 

.m7 .a 

.m3 

.ow 
-.oll -. 015 

-.w1 .M9 

-. l l t  __ -.llo - 
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TABLE I. - Continued 
PRESSW DATA, CYLINDRICAL BODY 

(d )  M = 0.90 

x, in. 
= 1 8 6  

~ 

= o O  e = 4 5 0 e = n 0  e = i e c  
a = 1 2 ~  

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

10.50 
12.50 

8.50 

14.50 
16.50 
11.17 
18.11 

19.11 
20.17 
21.17 
22.11 
23.11 
24.11 
25.11 

26.11 
27.11 
28.17 
29.17 
30.17 
31.17 
32.17 

33.11 
34-17 
35-17 

37.17 
38.15 
38.40 

38.6 
58-90 
59-15 

36.11 

__ 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

10.50 
12.50 

16.50 

8.50 

14.50 

17.17 
18.17 

19.11 
20.17 
a. 11 
22.17 
23.17 
8.17 
25- 17 

26.17 
27.17 
28.17 
29.17 
30.17 
31.17 
32.11 

33-17 
34.11 
35.11 
36.17 
31.17 
38.15 
38.40 

38.65 
38.90 
39.15 __ 

.016 
,002 . 015 
. O B  
.041 
. e o  
.063 

.e2 

.048 

.038 

. o p  . e 7  

.@5 

.M2 

. 001 

.016 . 008 

.w3 

.004 . 004 . w7 

.001 

.w 

.012 . w-7 

.008 . ol l  

.w 

.006 . 001 . w6 . 010 

.013 

.011 

.w3 

.040 

.1ll - 

.061 

-.002 

-.Oj4 -. 059 
- . 4 3  
-.Wl 
-.w7 

-. 100 
_ _ _ _ _  

-.013 .El5 
-.032 .on 
-.&e . e 8  

-.O@ -. 076 
-.m 
-.WO 
-.061 
-.a53 

-.e4 
. OgO 

-. 2w 
a'= 80 

1:221 I . E O  
.on 
.e1 
.M8 
.w . 012 

.015 

.M8 

.028 

.040 

.033 

.031 . M9 

-015 
.014 . 010 
.002 
.002 . 003 
.OM 

____ 
.w3 
.OCA 
.w3 .w .m 
.w3 

_ _ _ _ _  
0.136 0.126 

.062 

. o u  
-.w 
-.w4 
-.m9 -. 043 
-.042 

-.041 

-____ 

-_-_- 

.016 

.031 

.007 
-.w2 -. 006 
-.w6 
-.Ole 

- . O B  

_ _ _ _ _  

--"-- 

-. OM 

.om 

.013 

.016 
_---- __--- . 001 

.or% 

.003 

.OW 

. 0 6  

.m 

.003 .. 002 .. 015 
..Ml 

-.014 -.w6 

___-- 
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TRBLE 1.- Continued 

PRBSSIJ?E DATA, CYLEXKCCCN. BODY 

( e )  M =  0.95 

x, in. 

- 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

10.50 

16.50 

8.50 

12.50 
14.50 

17.17 
l8.17 

19.17 
20.17 
21.17 
22.17 
23.17 
24.17 
25.17 

26.17 
27.17 
28.17 
29.17 
30.17 
31.17 
32.17 

33.17 
34.17 
35.17 
36.17 
37.17 
38.15 
38.40 

38.65 
38.90 
39.15 
~ 

i=o0 e-45' e=no e=wo e=13g0 e=i80c 
-. 

a = 120 a 200 

Lo41 ------ -----_ _ _ _ _ _ _  _ _ _ _ _  
..M1 ------ -----_ ----__ _ _ _ _ _  
..@io -0.200 -0.278 -0.170 0.134 
..@2 ------ ------ -__-__ _____  
..69 -.155 -.331 -.244 .a6 
..080 ------ ----_- -_---- _ _ _ _ _  

-.110 -.359 -.294 -.024 

..49 -.169 -.350 -.316 -.65 

..a66 -.168 -.317 -.341 -.c96 

,.a82 -.156 -.238 -.357 -.I26 
..072 -1142 -.1* -.342 -.134 

..62 -.do -.266 -.%5 -.IO8 

. . 4 8  ------ ------ -_---_ _-___ 
-.076 - .27 -.I66 -.326 -.139 

..061 ------ ----__ _ _ _ _ _ _  _ _ _ _ _  

..068 -.u3 -.u4 -.299 -.119 

..c64 ------ -.EO -.269 -.lo8 

..a6 -.lo7 -.136 -.263 -.id+ 

..a2 ------ -.l2j -.26> -.099 

..48 -.we ------ -.258 -.092 

..037 -.259 _. 096 
_. c96 _ _ _ _ _ _  _ _  248 _____  

..a29 ------ -.117 -.258 ' -.o& .. 031 -.096 -.io3 -259 ----- 

._ 035 ------ ----__ _. 256 _ _ _ _ _  

..033 -.@1 ------ -.246 -.W1 

..03l ------ -.loo -246 -.o& 

..038 -.We -.lo1 -.246 -.097 

------ ----__ 

0.151 

.067 

.om 
-. 037 -. 065 
-.OB0 
-.1M -. 106 
-. 108 

__-__ 
_ _ _ _ _  

___I_ 

_____  
-.@O -. 078 -. 078 
-.072 -. 6 3  
-.66 

-. 054 

-. 057 
-.O54 
-.o60 

-. 061 
-053 

_ _ _ _ _  
-__._ 
_.___ 

_ _ _ _ _  
_ _ _ _ _  

-.O% -.071 -.111 -.201 
-.a1 ------ -.122 -.179 
-.033 -.064 -.la -.I@ 
-.032 ------ -.091 -.a9 
-.028 -.057 ------ -.166 
-.oy _ _ _ _ _ _  ___.__ _. 164 
._... ------ -.l5@ -.055 

-.M6 -.053 - . 6 7  -.I61 
-.m _ _ _ _ _ _  _ _ _ _ _ _  _. 161 
-.mi ------ -.e59 -.151 
-.M4 -.050 ------ -.157 
-.M5 -.QO -.e7 -.151 

. og5 
-. 069 .069 

-. 063 
~ 

___ - _ _ _ _ _  _ _ _ _ _  
0.135 _____  
.067 

. 010 
-.010 -. 029 -. 0% -. 056 
-.,a2 

---_- 

0.50 

2.50 
1.50 

3.50 
4.50 
5.50 
6.50 

8.50 
10.50 
2.50 
14.50 
16.50 
17- 17 
18.17 

19.11 
20.17 
21.17 
22.17 
25.17 
24.17 
25.17 

26.17 
27.17 
28.17 
29- 17 
30.17 
31.17 
52.17 

33.17 
34.17 
35.17 
36.17 
57-17 
38.15 
38.40 

38.65 
38.90 
39.15 

~ 

. 055 .078 ___-_ 
.071 

.a8 

.w7 
-019 -. w 
-.w2 

fM9 

f O 0 6  

-. 036 
-.w6 

-. 007 -. o l l  

. 011 
-. 014 -. 026 
-.we -. 049 -. 042 
-. 038 

- .M3  
- . 011 
-.06 
-.oa -. w2 
.ow 

_ _ _ _ _  
_ _ _ _ _  

-.001 

-.019 
-035 
-.034 
-.&I 
-039 
-.038 -. 034 
-.020 ... 018 
-.013 
-.003 . 000 
.002 
.OM 

.001 

. O M  

.002 

.006 

.002 . w1 

.m 

.cd+ 

.w1 

.m1 
-.006 
-.MO 
-.M7 

-.040 
-.61 

-.051 

-. 034 
- .M3 
-.OB 
-.016 
-.ox 
-.On 

_ _ _ _ _  
-. 025 
-.w5 
_ _ _ _ _  

. M7 .007 

. 011 _ _ _ _ _  

.010 -. 006 
_ _ _ _ _  -. w8 
-.om 
-.w6 
__I_ 

-.007 

-. 001 
.m3 . w2 

.038 

-.004 . 043 

-. 016 _____  

-.lo5 - 
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TABLE I. - Continued 

WESSW DATA, CYL3%DRICAZ BODY 

(f) M = 0.98 

___ 
X) in. 

- 

0.50 
1.50 
2.50 
3-50 
4.50 
5-50 
6.50 

8.50 
10.50 

14.50 
16.50 
17.11 
18.17 

19.17 
20.17 
21.17 
22.17 
23-11 
24.17 
25.17 

26.17 
27.17 
28.17 
29.17 
30.17 
31-17 
32.11 

33-17 
34.17 
35.17 
36.17 
37.17 
38-15 
38.40 

12.50 

38.65 
38-90 
39-15 - 

0.50 
1.50 
2.50 
3-50 
4.50 
5.50 
6.50 

8.50 
10.50 
12.50 
14.50 
16.50 
17.17 
18.11 

19-17 
20.11 
21.17 
22.17 
23.9 
24.17 
25.17 

26.17 
27.17 
28.17 
29.18 
30.11 
51-17 
32-11 

33- 17 
9.17 
35.17 
36.17 
37.17 
38.15 
38.40 

38.65 
38.90 
39.15 - 

- 
0.111 . M5 . w3 
-.w3 
-.032 
- .a6 
-.WO 

-.* 
-.a65 

.047 
-.063 -. 043 -. 039 
-.031 

...oca 
-.021 
-.m -. w4 
-.003 -.a 
-.OW 

_ _ _ _ _  -. 011 -. 012 -. 015 
-.010 
-.011 
-.017 

-.015 
-.015 -. 016 -. 013 
-.eo 
-.031 -. 034 

- .a2  
-.I32 
-.097 - 
- 
5.253 
.145 
.ag4 .* 
.042 
.014 ... 011 

-. MO 
-037 
-.033 
-.a63 
- .a7 
-.&7 
-.&O 

-. 020 
-.OX 
-.OM 
.m 
.m 
. a 3  

.w3 

.w3 

.OM . 001 

.OM 

.OM 

.ooj 

.a04 

.001 

.wc 
-. w -. 024 
-.033 

-.041 
-.44 -. 33.1 

-.ma 

__--- 

___ 

a = 20' 

.W9 

,006 

-.037 
-.W1 
-.093 
-.lo6 
-.130 

-.l27 

___-- 

_ _ _ _ _  
______  
-.288 
-.303 
-.246 -. 283 
-.250 

_____ 
-.112 
-.1ll 
-.lo8 -. 091 
-.w3 

..60 ..& 

..036 .. 035 

..041 

..046 . 

..&E ______I ______  I -.266 I -.Go 

... 103 -. 071 
-075 
-.a67 
-.60 
-.& 

-.M2 -.m6 ------ -.172 __  024 _ _ _ _ _ _  _ _ _ _ _ _  _, 167 

_ _ _ _ _  _ _ _ _ _ _  _. 161 
-.Ole -L---- -.O& -.152 
-.W22 -.@4 -.& -.170 _. 024 _ _ _ _ _ _  _ _ _ _ _ _  _. 169 

_. 
-055 

_ _ _ _ _  
-.Ti7 -. 053 
-.a60 

11 -.Olg/ -.011 ------ -.b9/------/ -.W8 -.153 -.159 

- .Ole  - .CY -.C57 -.151 

a = 8' 

0.144 

.on 

.010 

-.m9 
-.@I -. 043 
-.071 
-.63 

-.a62 

_____  

_ _ _ _ _  
_---- .. 037 
-.M4 -. 020 -. 018 -. 015 - .014 

-.a601 -.a63 -.481 -.O& -.@I -.M -.070 - .qo  

-.052 -.e -.091 -.OB7 
-.a69 -.@-I -.=-I -.ll5 



TABLE 1.- Continued 

PRESSURE DATA, CYLIN!JRICAL BODY 

(9) u =  1.00 

I 

---__ _____  0.129 
--___ _ _ _ _ _  -040 
0.180 0.369 .015 ---__ _____  . 012 ----- -.or8 --___ _____  -. 0% 
-.o~o .156 -.a56 
-.69 .ll9 -.070 
-.OB - 4 1  -.&I 

-.138 .040 -.& --___ _____  -.e57 
-.152 .M4 -.e 
_ _ _ _ _  _____  -.&e 
-.l23 ----- .om 
-.le5 .a54 .MO 
-.og2 .019 
-.040 .og9 .016 
-.oj2 __-_- -007 

-115 

--___ .lo7 -.we 

-.a53 .og7 -.we -. 051 _ _ _ _ _  -.O& 

.ogj 

.015 .203 -.a63 

-.I23 .a50 -.075 

-.I38 .038 -.a57 

-_--- 

--__- _ _ _ _ _  
-.031 ----- -.a 
--___ ____- _. 012 
-.a58 .O@ -.015 

.a33 

. w26 
-.oll 
-.&3 -. 063 
-.Om 
-.w7 

_____  
.138 

. og7 

.a65 . a3 

.OM . 003 

-.131 -.241 -.203 
-.142 -.253 -.233 
-.U6 -.2B -.251 
-.149 -.241 -.272 
-.141 -.a -.2n 
._____ _ _ _ _ _ _  __-_-- 
-.136 -.I$ -.2n -.log 

-.0g6 -. 079 
-.e9 
-.ou 
-.04 -. 014 

_____  

_____ -. 014 _____  _ _ _ _ _  -. 031 
-.032 
-.025 

_ _ _ _ _  
-.033 

- . ~ 6  
_ _ _ _ _  
___-_ 
-033 -_--- 
_ _ _ _ _  

-. 012 
----_ . wo 

--___- 
-.%7 
-323 
-.e75 
--193 
-.236 
-.218 

-235 
-.251 -. 24J+ 
-.e6 
--239 
-235 
-.232 

----- 
-159 -. 149 
-.l38 
-.42 
-.a56 
-.40 

_ _ _ _ _  
-.42 

-.087 

... 087 

_ _ _ _ _  
-.078 

19.17 -.la5 
20.17 -.ON 
21.17 - .M7 
22.17 -.w6 

24.17 -.037 
25.17 -.ME 

23.17 - .ME 
.&6 

26.17 ------ 
27.17 -.036 
28.17 - . ~ 6  
29.17 -.038 
30.17 -.033 
31.17 -.032 
32.17 -.& 

-.a2 
_. 

- ----- 0.2ll _____  .lo8 
0.221 .072 _ _ _ _ _  .a6 _____  .MO _____  _. 003 
.078 -.034 

8.50 -.no -.41 -.a7 -.63 -.cog 
10.50 -.41 -.W3 -.log -.og2 -.a0 
12.50 -.067 -.O% -.lo9 -.1M -.a55 
14.50 -.49 -.lo0 -.E7 -.I25 -.49 

17.17 -.m __--__ ______  ______  _____  16.50 -.42 -.@ -.=o -.z4 -.o& 

18.17 -.e56 -.os6 -.LIE -.z7 -.wo 
19.17 -.&3 ______  ______ ______  _ _ _ _ _  
20.17 - .Ma  -.&1 -.WE -.lo0 -.44 
21.17 .oO7 ------ -.62 -.059 -.037 

23.17 .024 ------ -.e5 -.mO .wO 
24.17 .024 -.004 ------ -.41 -.001 
25.17 .019 ------ -.024 -.45 -.a03 

26.17 _____ -.ow ______ -.46 _ _ _ _ _  
28.17 .W8 -.013 ------ - . a 3  ----- 
29.17 .& ______ ______ -.&a _____  
30.17 .ow -.012 ------ -.& -.014 
31.17 .W ------ ------ -.a2 -.On 
32.17 .M)2 -.013 ------ -.&2 -.014 

35-17 .w ____-_ __I__ _ _ _ _ _ _  _____  
34.17 .cog -.OU -.MJ -.041 -.014 
35.17 .wO ------ ______  ______  _____ 
36.17 -.w1 -.OS -.M7 -.&3 -.OU 

22.17 .m -.& 4 x 6  -.OR -.we 

27.17 . o u  ------ -.mi -.wj 

.a51 -.038 
,018 -.63 
.wl -.063 

-.@O -.om 

_. 077 -.a0 -.075 

_. 057 
-.e3 -.043 _____  -.MI 
.&O .014 

-.03l -.Q __--- 

_____ 

38.65 -.qo ______  ______  ______ _____ 
38.90 -.qi ______  ______ _ _ _ _ _ _  _____  
39.15 -.I24 -.UT -.173 -.176 -.w 
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TABLE I.- Continued 

PRESSURE DAZA, CYLrmlRICAL BODY 

(h) M = 1.03 

I a = 200 

0.50 0.~0 ______  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
1.50 .041 ____-- _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
2.50 .017 -0.090 -0.218 -0.103 0.197 
3.50 .w3 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
4.50 -.OX? -.W5 -.274 -.179 . l l O  

6.50 -.053 -.l24 -.305 - . e 6  .036 

8.50 -.051 -.135 -.316 -.275 -.014 
10.50 -.057 -.155 -.308 -.314 -.e7 
12.50 -.&5 -.&O - .2v -.335 -.m 
14.50 -.lo1 -.I76 -.2% -.357 -.I21 
16.50 -.l21 -.175 -.a26 -.365 -.I44 
17.17 _. 122 _ _ _ _ _ _  ___.__ _ _ _ _ _ _  _ _ _ _ _  
18.17 -.Uj -.I76 -.e17 -.3?1 -.162 

20.17 -.116 -.I661 -.1d -.571 I -.166 

5.50 - .M8  _ _ _ _ _ _  ___-__ _ _ _ _ _ _  _ _ _ _ _  

19.17 _. 125 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
21.17 -.1W ------ -.191 -.355 -.163 
22.17 -.16 -.159 -.r79 -.352 -.162 
23.17 -.@k ------ -.la -313 -.157 
2k.17 -.085 -.143 ------ -.>lo -.I22 
2).17 1 -.OD 1 ------I-----/ -.3ll I -.138 

19.17 
20.17 
21.17 
22.17 
23.17 
24.17 
25.17 -.O% I ----::I -,0751 -.os? 

- . 6 3  

-. 046 -. &O 

26.17 

28.17 
27.17 

29.17 
30.17 
31.17 
32.17 

----_ 
-.OW 
-.@O 
-.023 -. 015 -. 015 
-.014 

-.Om 
-.067 -. 076 
-.m6 

-. 6 2  
-.e38 

-.072 

Pressure coefficients of row . 

0=45° e - 7 j 0  e=logO e = l j g O  0=18C 9 = O o  

a = 16' __ 
0.158 

.072 . 046 

.&4 

.015 
-.m7 -. -7 

-. 029 
- . a 5  
- . a 4  -. 6 3  -. 059 -. 6 8  
-.WO 

-.a57 
-.W5 
-.078 
-.&5 
-.&3 
-.041 
- . a 5  

-035 -. 033 
-.036 
-.M5 
.ow 

-.021 

-. M1 -. 003 
.016 
.037 
.033 
.018 
.014 

-. 003 
-.Ml -. 062 

0.288 
.180 . 131 
.107 . 085 
f059 
.m1 
.019 
-.OB 

-. 064 
-.065 
-.072 
-.072 

-. 063 
- . 6 2  
- . 6 0  
-.no 
-.a0 
-.041 
-.&1 

-.038 

_____ 
-.w 
- .M1 
-.M7 
-.015 
- . M O  
-.014 

-.w 
.014 
.m3 
.050 . c53 
.87 .& 
.me 
-.e4 -.& - 

a - 120 
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WBLZ 1.- Continued 

PRESSURE DATA, CYLnmRICAL BODY 

(1) M =  1.08 

- 
c, in 

- 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

~0.50 

16.50 

8.50 

12.50 
14.50 

17.17 
18.17 

19-17 
20.17 
11.17 
22.11 
23.11 
14.17 
25.17 

s.17 
27.17 
28.11 
29-11 
50.11 
51.11 
52.17 

33.17 
54.11 
55.11 
36.17 
37.17 
58.15 
38.40 

58.65 
38.90 
59.15 - 

0.50 
1.50 
2.50 
3.50 
4.50 
5-50 
6.50 

8.50 
10.50 
12.50 
14.5C 

17.17 
16.50 

18.17 

19-17 
20.17 
21.17 
22.17 
23-11 
24.17 
25.17 

26.17 
27- 17 
28.17 
29-11 
30.17 
31-17 
32-11 

33.11 
9.17 
35.11 
36.11 
3 1 4  
58-15 
38.4C 

38.6: 
38.9( 
39.15 - 

9 - 8  0=45' 9=15' e-1C5°8=1350 9-18 

a = 16O a -  l P  - 
I. rn 
.045 
.001 
-.ox 
-.OW 
-.a25 
-039 

-.ma 
-.of% 
-.m -. 063 
-.W2 
-..w -. 083 
-. 087 
-.we 
-.&I 
-.041 
-039 
-059 
-.os5 

-.060 -. 056 
-.049 
-.a0 
-.019 
-.038 

-. 049 -.ma 
-.40 
-.082 -. 092 -. 1co 
-.w 
-. 14 
-.m 
-.I24 

----- 

- 

0.384 0.191 

.253 -.O% 

.214 -.051 

.172 -.&E 

.138 -.e .w -.* ---_- -.aj2 

.lll -051 

.os2 -. 45 -.a 
- .go 
-.O% 
-.a26 
-.M2 

-. 001 

0.246 
.169 
.m . ogo 
.W4 
.cgl 
. ~ 6  

. o12 -. oog 
-.018 
-.os2 
-.w 
-.a27 
-.47 

-. 042 -. 046 
-.017 
-.oca 
-.w1 
.OM 
.003 

_-_-- 
.031 
.041 
.039 
.061 . 011 

-.OW5 

-.m 
-.a% 
-.e5 -. 4 2  
-.w 
-031 -. 4 9  

-.&9 
-.072 
-.148 
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TABLE I.- Continued 

PRESSURE DATA, CILINDRICU. BODY 

( J )  M =  1.10 

c, In 

- 

0.50 
1.50 
2.50 
5-50 
4.50 
5.50 
6.50 

8.50 
~0.50 
e.50 
L4.50 
L6.50 
1'7.17 
L8. 17 

L9.17 
!0.17 
!i. 4 
!2.17 
23.17 
24.17 
25.17 

26.17 
27.17 
28.17 
3.17 
10.17 
11.17 
12.17 

53.17 
54.17 
55.17 
56.17 
57-17 
58.15 
58.40 

$8.67 
58.90 J9.u 

0.50 
1.50 
2.50 
3.50 
4.50 
5.50 
6.50 

8.50 
10.50 

14.50 

17.17 
18.17 

19.17 
20.17 
21.17 
22.17 
23.11 
24.17 
25.17 

12.50 

16.50 

26.17 
27.11 
28.17 
29.17 
30.17 
51.17 
32.17 

33- 17 
34.17 
35.4 
36.17 
37.4 
38.1: 
38.4C 

38.6: 
38.9( 
39.1; - 

Pressure Coefficients of row - 

3=Oo 0=45'9=7s0 O = W O  0=l3go 9=l8O0 e = @  9=45O 9=75O 9=log0 9.135' 9=180° 9 = O o  ~3.45~ 9=75' O=logO e=13jgo 9=180° 

I 

II - 
1.097 
.038 
.006 
.we 
-.a12 

-.me 
-.a2 
-.074 -.wo 
-.091 
-.093 
-.WO -. 090 

-.BO 
-.41 
-.OB3 
-.079 
-.067 
-.069 
-.&4 

-.038 

-____ 
-.029 
- . M I  
-.034 
-.047 -. 042 
-.052 

-.066 
-.061 
-.028 
-.013 
-.m6 
-.059 -. 058 
-. 064 
-.45 
-.w4 - 

I:.Zl -.040 -.m91 -.057 -.m( -.me -.035 

-.036 -.Dl -.On -.065 
-.0631 -.086 -.ll4 -.lo1 

__... 
0.215 

.123 

,051 

.OM 
-.a8 
-.on -. 117 -. 139 
-. 155 
-. 118 -. 114 -. 118 
- .116 
-.099 
-.os7 

-.of36 

_ _ _ _ _  

_._.. 

.260 -.029 

.218 -.&3 

.181 -.053 

.I33 -.OS5 

.ll9 -.065 _ _ _ _ _  -.068 
-096 -.m6 
..._. ... yi9 
.lU -.w, 

.119 I - . a8  
1 -035 

.l23 -.028 _ _ _ _ _  _. 038 

.I32 _ _ _ _ _  -.&O 

.127 -.039 _ _ _ _ _  ..&O 

.122 -.031 
____. _. 008 
.I25 .033 

.045 
.164 .034 _ _ _ _ _  _. 006 
.224 -.024 

.__._ 1 -.&T 
_ _ _ _ _  

----- 

.____ 

----- 
...._ 
.e99 -.079 

a = 16' 

II a = 4' 

1:::: :I::: 1 -.m ,028 

_.... 
-.031 
.034 
,015 . 005 . 013 -. 011 
-. 016 
- .015 
-.011 -. 02: -. 01E 
-.ws 
-.011 

a = o0 

0.255 
.156 
.092 
.114 
.053 
.046 
.M2 

. 013 
-.014 
-.022 -. M2 
-.dl -. 071 
-.d3 

-.a6 -. 044 
-.041 
-.a1 
-.OW . w1 -. 001 
_ _ _ _ _  
.OM . 006 . w1 
.0h6 
.wo 
.005 

.036 . 070 

.a64 

.032 

.w -. 014 -. 019 
:::;I -. 130 
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TABLE I.- Concluded 

PRESSURE DATA, CYLIIPDIRCAL BODY 

(k) M =  1.13 

x, in. 
9 - 0 0  g=45O 9-75O 9-10go 9=135' 9=180 

I a = 200 

_ _ _ _ _  _ _ _ _ _  
0.219 

.136 
_ _ _ _ _  
_ _ _ _ _  
.069 

.021 
- .024 
-.061 -. 106 
-.117 

-.u6 
_ _ _ _ _  
.____ -. 147 -. 147 -. 144 
-.E4 
-.lo9 -. 085 

0.50 0.079 ____._ _ _ _ _ _ _  _ _ _ _ _ _  
1-50 .023 ______  _ _ _ _ _ _  _ _ _ _ _ _  
2.50 .oo8 -o.096)-0.~~5)-0.080 
3.50 .OX? 
4.50 .Wg 
5.50 -.a16 
6.50 -.ai . on 

.030 -. O E  
-.&O 
-.063 -. 109 

.69 

.a33 

.002 
- .017 
-.&j -. 068 

- . O B  

-. 090 
- . e 0  - .076 -. 075 -. 065 
- .068 

-.&I 

-.OR 
- .48  -. 042 
-.041 

.--._ 

___.. 

----_ 
-.--_ 
__-_. 

---__ 

8.50 -.Os3 
10.50 -.036 
12.50 -.070 
14.50 -.099 

11.17 -.We 
18.17 -.09 

16.50 -.os7 

-.Os8 -.lo7 -.on 
-.68 -.~6 -.@9 
-.073 -.132 -.LE 
-.078 -.150 -.131 
-.080 -.146 -.168 

-.W5 -.147 -.154 
_____. ------ _ _ _ _ _  

.ZOO -.015 

.160 - .MI 

.E9 -.037 

.lo5 -.032 

.068 I -.033 _ _ _ _ _  ..qo 

.041 j -.os5 146 -.In -.368 -.132 
_ _ _ _ _  
-.lo6 
- .loo 
- .lo1 
-.113 
-.w3 
-093 
.._._ 
-.072 

_. 081 
-.66 -.115 -.161 -.228 
-.068 ------ -.161 -.235 
-.066 -.lo2 -.142 -.a50 
-.@o ------ -.u7 -.a9 
-.042 -.082 ------ -.201 
-.&I ----__ ____.. _. 189 

__.___ _ _ _ _ _ _  .._._ 

26.17 ----- -.la4 _____. -251 _ _ _ _ _  
28.17 -.Os8 -.lo2 -.111 -.248 ----- i l i l l l  29.17 -.E8 ------ - _ _ _ _ _  -.263 _ _ _ _ _  
27.11 -.63 ------ -.u3 - . a 3  -.080 

___.- 
-.e1 
-.041 -. 056 

33.17 -.043 ._____ _ _ _ _ _ _  _._.__ _____ 
34.17 - . a 3  -.074 -.OB1 -.243 -.lo0 
35.17 -.a43 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  ____. 

37.17 -.034 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  36.11 -.028 -.WI -.a58 -.a3 -.mi 
38.15 -.c56 -.61 -.044 -.I?? -.a52 
38.40 -.056 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  ____. 

-.41 

38.65 
38.90 
39.15 

- _ _ _ _  _.___ - .Ol8 
-.a1 -.MO -.w 
_ _ _ _ _  _ _ _ _ _  _. 056 
-.m5 -.&6 -.061 
-.Os0 ----- -.a4 
-.ME -.026 -.@24 

-.a0 ----- -.a42 

_.___ -.& _ _ _ _ _  
-.OB ----- -.a07 

.003 -.w __-_- _____  -.& 
-.06 .ow .OM -.& ----- .ooo 
-.008 .a8 -.w 

_____  -.OM -.a .015 .a2 
____- _____  -.OK 
-.010 .oo7 -.ole ____- _____ _. 001 
-.011 - .on .012 
.____ .013 

.____ _____ .OK 
-.w 

-.033 ----- -.M5 
-.039 -.019 - . O s  

__-.. 

__.._ 

----- ___-. 
-.060 -.e2 -.a1 
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Figure 2.- Accuracy of pressure measurements. a = 0 0 . 
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-Theory (ref. 4 ) 
M M 

NI4CA RM L53L28a 

o 0.60 a 1.00 
o -80 V 1.03 
o .85 n 1.08 
a -90 b 1.1 0 
v .95 4 1.1 3 
D .98 

2.4 

2.0 
c 
c 0 

.- 6 1.6 

.I- u- 
0)  0 u 
o) 1.2 

; .a 
E 
8 

.4 2 

0 4 8 12 16 20 
Angle of attack ,a ,deg 

-Theory (ref. 4 ) 
M M 

0' .80 V 1.02 
a .89 b 1 . 1  I 
D .99 d 1.13 

do.60 a 0.99 

Angle of attack ,a ,deg 

Mach number ,M 

(a) Cylindrical body. 

Mach number,M 

(b) Curved body. 

Figure 5 .- Comparison of normal-force coefficients. (Flagged symbols 
represent data f 'rom closed-throat tunnel; unflagged symbols represent 
data from slotted-throat tunnel.) 
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-Theory (ref. 4 1 M M 

00.60 a 1.00 
n .80 17 1.03 
0 .85 P 1.08 
n .90 1.10 
v .95 1.1 3 

M M 
do.60 a 0.99 
d .80 17 1.02 
A .89 b 1 . 1  I 

Ci 1.20 
D .97 A 1 . 1  3 

Angle of attack ,a ,deg Angle of attack ,(I ,deg 

.6 .7 .8 .9 1.0 1.1 I 2  
Mach nurnber,M 

I l l 1  I 1  I l l l l l l I  
6 .7 .8 .9 1.0 1.1 1.2 1.3 

Mach number ,M 

(a) Cylindrical body (b) Curved body. 

Figure 6.- Comparison of pitching-moment coefficients. (Flagged symbols 
represent data f r o m  closed-throat tunnel; unflagged symbols represent 
data from slotted-throat tunnel. ) 
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Figure 7. - Comparison of 'center-of -pressure locations. 
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Figure 8.- Meridian load coefficient. Cylindrical body. 
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Figure 9.- Comparison of cross-section normal loads, M = 1,OO. 
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